Genotype by environment interaction (GEI) is a major complication in plant breeding. An assessment of genotypes across diversified environment and season is important for releasing of varieties. The objective of the study was to evaluate the effects of GEI in fourteen NERICA rice genotype and their adaptation in two years at three locations in the production year 2009 and 2010. The trial was laid out in randomized complete block design with three replications. The combined analysis of variance revealed significant (P<0.01) environments, genotypes and genotype by environment interaction effect and environment captured 91.4% of the total variability. The additive main and multiplicative interaction further explained the genotype by environment interaction by decomposing in to two significant interaction principal components. The fourteen rice genotypes were best explained by the additive main effects and multiplicative interaction (AMMI) 1 that gives model fitness of 98.1%. The polygon view of the Genotype and genotype by environment interaction (GGE) bipolt analysis showed that the environments fall in to two sectors and the genotype NERICA 4 was wining genotypes in all of the environment except E4 (Gomma, 2010) . The additive main effect and multiplicative interaction biplot 1 and polygon view of the GGE (Genotype and genotype by environment interaction) biplot showed that the genotype NERICA 4 were consistently higher yielder in all the environments in the study.
INTRODUCTION
Rice (Oryza sativa) belongs to the family poaceae. It is the most widely consumed major food crop for a large part of the world's human population next to wheat. It is the grain with the second-highest worldwide production. According to WARDA (2004) rice is grown and consumed in about 39 countries of Africa. Fuelled by population growth and consumer preference, the demand for rice in West and Central Africa (WCA) is growing at the rate of 6% per annum, which is faster than anywhere else in the world, while the production increases at the rate of 4% per annum. Africa consumes a total of 11.6 million tons of milled rice per year (FAO, 1996) , of which 3.3 million tons (33.6%) is imported. Oteng and Sant Anna (1999) reported that among the 39 African countries that produce and consume rice, only ten have attained appreciable levels of rice self-sufficiency (75 to 99.9%), but the remaining 29 are heavy importers with selfsufficiency levels ranging between 0 and 62.8%). Therefore, it is obvious that rice production in Africa including Ethiopia has to increase to meet the high *Corresponding author. E-mail: sentayehu_alamerew@yahoo.com.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License demand in Africa. The cultivation of rice in Ethiopia is of a recent history. However, its use as food and cash crop is well recognized. Rice in Ethiopia is one of the food security commodities and its expansion is also linearly increasing in different parts of the country (MoA, 2010). The country is endowed with a range of agro-ecological zones that suit to rice production with an estimated potential of more than 20 million hectares. Volume of rice production in Ethiopia is also increasing (MoA, 2010) with national average yield rise of 1.8 ton per hectare (CSA, 2005) to 2.9 ton per hectare (CSA, 2013) . This is less than attainable yield in other African country such as in Kenya which is 2.2 to 4.3 tons per hectare as reported by Atera et al. (2011) and Kega and Maingu (2011) . Low rice productivity in Ethiopia is attributed to shortage of high yielding varieties, terminal water deficit, low soil fertility and environmental fluctuations (MoA, 2010) .
Ethiopia is a country of great environmental variation (MoA, 2010) . When environmental differences are great, it may be expected that genotype by environment interaction will also be high. As a result it is not only average performance that is important in genotype evaluation, but also the magnitude of genotype by environment interactions, that is, one cultivar may have the highest yield in some environments while a second cultivar excel in others (Fehr, 1991; Gauch and Zobel, 1997) .
Several methods of estimating phenotypic stability and adaptability across environments by determining genotype by environment interaction effects are often used (Crossa, 1990; Gauch, 1992) . The additive main effects and multiplicative interaction (AMMI) model (Gauch et al., 2008) and the genotype main effects plus genotype by environment interaction effects (GGE -Biplot) model (Yan and Hunt, 2002) are the two models increasingly applied for multi-environment trials evaluation. The present study was undertaken to understand the nature and magnitude of GE interaction and to identify high yielding and widely and/or specifically adapted upland rice genotypes in South West Ethiopia.
MATERIALS AND METHODS
The experiments were conducted during the main cropping season of 2009 and 2010 at three locations (Eladale, Gomma-2 and Shebe) of the Jimma University research sites and the description of testing site is given in ( Table 1 ). The trial was laid out in randomized complete block design (RCBD) with three replications with plot size of 6 m 2 (1.2H5 m). Five-rows per plot was used in all trials. Spacing between blocks and plots was 1 m and 0.5 m, respectively. Planting was carried out by hand drilling by using dry and clean seeds at a rate of 60 kg ha -1 in rows spaced 25 cm apart. Thinning was also carried out at 3 to 4 leaf stage to maintain single plant per hill at a spacing of 10 cm. The detailed description of the rice genotypes used in the study is given in (Table 2) .
Chemical fertilizers were applied at a rate of 64 kg N and 46 kg P2O5 ha -1 as Urea and Di-ammonium phosphate (DAP) at each location. Nitrogen was applied in two splits: half at sowing and half at booting stage. Total recommended rate of P2O5 was applied basal at once during planting. Three times manual weeding was carried out at different crop stages (20, 40 and 60 days after sowing). Other management practices were applied as per recommendation for each location.
Statistical analysis
The data collected on grain yield for the 14 genotypes of rice were subjected to AMMI analysis using SAS version 9.2 (SAS Institute, 2008) after testing the ANOVA assumptions. The AMMI model is as follows:
Where: (i = 1, 2……….19: j = 1…….6) Yij = The mean performance of the i th genotype in the j th environment = The grand mean. Gi = Additive effect of the ith genotype (genotype mean minus the grand mean) Kn = eigen value of the PCA axis n, Ej = Additive effect of the j th environment (environment mean deviation). Uni and Snj = Scorer of genotype i and environment j for the PCA axis n. The GGE biplot was computed according to the formula given by Yan et al. (2000) .
Where: y ij is the mean for the i-th genotype in the j-th environment, μ is the overall mean,  is the effect for the j-th environment, λ 1 and λ 2 are the singular values of the first and second principal components (PC1 and PC2), ξ 1 and ξ 2 are the eigenvectors of i-th genotype for PC1 and PC2η 1 and η 2 are the eigenvectors of the j-th environment for PC1 and PC2.
RESULTS AND DISCUSSION

Combined analysis for individual environment
The testing environment E1 (Eladale, 2009) and E2 (Eladale, 2010) were lower yielding environments ranging from 5.24 to 10.93 Qt/ha while, the testing environment E3 (Gomma, 2009) and E4 (Gomma, 2010), were moderately yielding environment ranging from 22.13 to 43.02 Qt/ha. The testing environments E5 and E6 were higher yielding ranging from 41.16 to 60.09 Qt/ha (Table  3 ). The genotype NERICA4 was consistently higher yielder in most of the environments.
Combined analysis of variance
The combined analysis of variance revealed that the genotype, environment and genotype × environment interaction were significant (P ≤ 0.01) ( Table 4 ). The total sum of square explained by the environment was 91.4% followed by genotype by environment interaction 2.9% while the genotype explained least only, 2.4%. The magnitude of the environment was 37.92 times greater than the genotype, implying that most of the variation in grain yield was due to the environment. This could be attributed to unequal distribution of rainfall during growing season. The significant genotype by environment interaction effects showed that genotypes responded differently to the variation in environmental conditions of location which indicated the need for testing rice varieties at multiple locations. This also exhibited the difficulties encountered by breeders in selecting new varieties.
AMMI analysis of variance
The significant genotype by in environment was further decomposed in to interaction principal component analysis ( Table 5 ). The first interaction principal component (IPCA1) captured 56.07% and the second (IPCA2) further explained 38.16% and the two interaction principal components cumulatively explained 94.23% of the genotype by environment interaction.
Based on Gollob (1968) F-test the two interaction principal components was significant (P<0.01) while the IPCA3 was not significant. Thus, according to this test for the genotype by environment interaction of the 14 upland rice genotypes with six environments was best predicted by the first two interaction principal components axes. The genotype and environment main effect grossly explained 93.76% and the interaction principal component (IPCA1) explained 4.34% of the data in the genotype by environment interaction and the AMMI one gives a best model fitness of 98.10% and the remaining 1.9 might be attributed to noise. The 14 upland rice data were well explained using the AMMI one. 
AMMI 1 biplot analysis
The interaction principal component 1 (IPCA1) represented in the y-axis where as the genotype and environment mean represented on the x-axis in the socalled AMMI1 biplot (Figure 1) . Genotypes or Environments located in the right side of perpendicular line have higher yields than those on the left side.
Accordingly, 3(NERICA 4), 5 (NERICA 12), 11(FOFIFA3737), and 2(NERICA3) were higher yielder genotypes greater than grand mean. The genotypes 7(NERICA 2), 6(NERICA 13), 10(FOFIFA3730), 12(FOFIFA4129) 14(Gumara IAC-164) G9), 13(X-Jigna), 1(NERICA 14) and 8(NERICA 18) was lower yielder less than the grand mean. When we look at the location-year combination, the environment E6 (Shebe, 2010) and E5 (Shebe, 2009) were favorable located to the right of the perpendicular line whereas; E3, (Gomma, 2009) E1(Eladale, 2009), E2 (Eladale, 2010) and E4 (Gomma, 2009) were unfavorable testing environments (Figure 1) .
GGE-biplot analysis
Mega environment classification and winning or stable genotypes for the testing locations
Genotypes located on the vertices of the polygon performed either the best or the poorest in one or more environments (Yan and Kang, 2003) . The equality lines divide the biplot into sectors, and the winning genotype for each sector is the one located on the respective vertex (Yan et al., 2007) . The GGE biplot for the two interaction principal component (IPCA1) and IPCA2 cumulatively captured 85.23% of the genotype and genotype by environment interaction.
The 2 (NERICA3) and 3(NERICA 4) was vertex genotypes and the genotype 3(NERICA 4) was winning genotype for all of the testing locations except E4 (Gomma, 2010) ( Figure 2 ). When we consider mega environment (group of locations that consistently share the same winning varieties) classification the testing locations-year combination fall into two sectors E1 (Eladale, 2009), E2 (Eladale, 2010) E3 (Gomma, 2009 E5 = (Shebe, 2009) and (E6= (Shebe, 2010) incorporated in first sector whereas the testing environment E4 (Gomma, 2010) was in the second sector of the GGE biplot ( Figure 2) . 
Conclusions
The fourteen rice genotype were evaluated in six growing environments to quantify the magnitude of genotype by environment interaction. The combined analysis of variance revealed significant (P<0.01) environments, genotypes and genotype by environment interaction effect and environment captured 91.4% of the total variability. The additive main and multiplicative interaction further explained the genotype by environment interaction by decomposing in to two significant interaction principal components. The fourteen rice genotypes were best explained by the AMMI 1 that gives model fitness of 98.1%.The polygon view of the GGE bipolt analysis showed that the environments fall in to two sectors and the genotype NERICA 4 was wining genotypes in all of the environment except E4 (Gomma, 2010). The additive main effect and multiplicative interaction biplot 1 and polygon view of the GGE biplot showed that the genotype NERICA 4 were consistently higher yielder in all the environments in the study. The two model families the additive main effect and multiplicative and polygon view of GGE biplot analysis are equally important in the analysis of genotype by environment interaction study.
